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Where current τ is a given quantile (τ ) of a species' climatic distribution across its present-day range, 64 past τ the same quantile of a species' range in the past, and projected τ the same quantile of a species' past predictive of each other. It is well known that the axes of global climate are not independent and that 141 they are not changing independently 2,25 , and so we would expect species' relative tracking of climate 142 to show similar patterns. As we show in Figure 4 , principal components analysis of species' current 143 and past climate distributions, which we refer to as their climate space, shows strong correlations across 144 climate variables. Yet our index does not; species' relative degree of tracking is both of much higher 145 dimension (the amount of variance explained by each principal component axis is similar) and shows 146 relatively less correlation across climates axes . We argue, therefore, that while species ' values would be centred at 0 or resemble our simulated data, neither or which is the case (see Figure   163 1).
164

Conclusion 165
Our results are consistent with the processes underlying species' responses to climate change being distinct 166 from those that generated their distributions in the past. This is in keeping with emerging evidence from the 167 paleo-ecological literature that species' historic ranges were more variable than previously thought, and 168 seemingly influenced by different environmental factors than today 34, 35 . During and after the last ice-age, 169 for example, 'no-analogue' conditions generated previously-unseen species assemblages 36 . Equally, our 170 observation of idiosyncrasy in species' degree of tracking is consistent with species' population crashes 171 (and so extinctions) becoming less predictable during previous mass extinction events 37, 38 . We call upon 172 others to examine the additional drivers of our metric of relative change, and to extend its definition to 173 include more nuanced definitions of climate space. We predict, however, that if the current mass extinction 174 event continues, it is likely that patterns of idiosyncrasy among species' declines and distributional changes 175 will become more common. Figure 1 : Most species are tracking some aspect of climate, but there is pronounced variation among species and clades. In (a) we show the 50th quantile (median) of our tracking index of mean annual temperature, and in (b) the 5th quantile of our index of precipitation. On the left of each plot, our seven major taxonomic groups plotted (in green for plants and fungi, and in red for animals). At the far-right of (b), we show the output from our simulations of species that are perfectly tracking, imperfectly tracking, or not tracking climate at all (in blue; see Methods for details). To the right of each distribution of points the median (thickest line) and inter-quartile range (thinner lines) are shown as horizontal lines for each distribution. While the majority of species are tracking global climate to some extent, there is is profound variation among species and clades. Figure 1a makes clear the variation among and within taxonomic groups; the distributions of fungi, insects, and reptiles are, broadly, tracking changes in mean temperature well, while other taxa (e.g., mammals and plants) are not. Comparing Figures 1a and 1b makes clear how different taxonomic groups and species may be tracking different aspects of climate; plants are broadly tracking the lower-limit of precipitation, for instance. In (a), we show the correlation (Pearson's ρ) between the median of each climate variable (rows) with each of our included traits (columns) using colour (see legend at the right). In each cell, the outer, larger box depicts the correlation between species' present-day climate and the trait, while the smaller, inner box the correlation for species' relative tracking (whose size is proportional to intensity of correlation). The 4 (of 54) track-index correlations that are statistically significant (at α 5% ) are highlighted with crosses. In (b), we show, for each taxon, the phylogenetic signal (Pagel's λ 27 ) of major climate variables and relative tracking indices (rows) using colour (see legend at the right). As with (a), in each cell the outer, larger box depicts the correlation between species' present-day climate and the trait, while the smaller, inner box the correlation for species' relative tracking (whose size is proportional to phylogenetic signal strength). The single track-index metric for which phylogenetic signal was stronger than the underlying data is highlighted with a cross. tracked climate to varying extents through time. Using the climate data from above in the years 1962 242 and 2002 (the mid-points of the ranges of our data), we simulated species with varying maximum possible 243 range sizes (2x2, 5x5, 10x10, or 20x20 grid-cell extents) and varying latitudinal shifts in range through 244 time (-4, -3, ..., 3, or 4 grid-cells). We also varied species' degree of environmental tracking (α; taking 245 a value of 0, 0.5, or 1) and probability of occupancy(σ; taking a value of 0.5, .75, or 1). Together, these 246 latter two parameters define a species' probability of being present in a particular cell within its range:
247
(1 − α) × sigma + α × N . N is defined as a scaled Normal probability density function with a mean 248 equal to the median of the species' distribution in 1962 and a variance of 1. Thus a species with an α of 249 1 is present only in cells within its range that resemble its climatic centre (i.e., are similar to the median 250 value of the species' climatic distribution), and a species with an α of 0 is present in proportion σ of the 251 cells within its potential range. We simulated all possible combinations of parameters across 100 possible 252 centre-points of species' ranges, providing a full range of potential range shifts and 26,598 total simulation 253 runs. As with our empirical data, in simulation runs where, by chance, simulated species were not present 254 in the past or current time-period, they were excluded from the analysis. 255 Trait, phylogenetic, and PCA analyses 256 We calculated the Pearson's correlation between all estimated climatic niche variables (current τ , past τ , 257 projected τ , track τ and the bootstrapped track τ ). While we show only a handful of these correlations 258 in Figure 3 , we provide all correlations in the supplementary figures (and note that the qualitative results 259 of all correlations are the same). For the phylogenetic signal analyses, we likewise calculated Pagel's λ 260 (using phytools 52 ) for all indices, reporting all results in full in the supplementary materials (results are, 261 again, qualitatively identical to the results in the main text). Principal component analyses were performed 262 on all current, past, and track indices across all variables for a given quantile (i.e., the 5th, 25th, 50th, 75th, 263 and 95th). While we report only the 50th quantiles in the main text, in the supplementary materials we 264 give results for all quantiles, which are qualitatively identical to the results in the main text. 
